The cellular and molecular mechanisms that mediate hepatic fibrosis have provided a framework of different therapeutic foci to prevent, delay or in such case revert fibrosis and cirrhosis. The fundamental event in development of hepatic fibrosis caused by secondary biliary cholestasis is based on activation of the hepatic stellar cells (HSC) which the primary function is forming fibrosis. The activated HSC cells transform into myofibroblasts with capacity to produce alpha smooth muscle actin (α-SMA). As a result, the HSC activates proliferation of the cholangiocytes and epithelial cells whose functions represent important anti-fibrotic objectives. Some strategies are described as targeting against molecule involved in fibrosis production; and some medications with anti-fibrotic functions that are actually available in the medical arsenal have been tested in experimental animal models and in few clinical studies, and their components act in relation to the fibrotic cascade. In the end, the treatment strategies for hepatic fibrosis can vary on an individual basis depending on the etiology, the risk of fibrosis progression and the predominant pathogenic medium, which indicates that a multi-factorial approach could be necessary. Orthotopic liver transplant continues being the last final alternative for hepatic insufficiency from any cause; however, in no way does it supersede healthy natural liver in survival and adequate function. The investigative arsenal continues to develop rapidly, giving rise to other possible objectives in pre-clinical studies of conceptual trials, such as the utilization of molecular, cellular, drugs therapy and Chinese herbs. Despite being aforementioned, there are no existing ideal alternatives that completely reverse fibrosis in humans. Future usefulness of the majority of management alternatives seems probable and could be feasible.
INTRODUCTION
Chronic hepatic lesions produce accumulation of extra cellular matrix (ECM) with activation of myofibroblasts through expression of the α-smooth muscle actin (α-SMA) in liver, which contributes to the deposition of hepatic fibrosis [1] . The hepatic stellar cells (HSC) are involved in the production of hepatic fibrosis [2] , being activated by stimulation from the transforming growth factor (TGF)-β1 [3] . Different hepatic lesions are identified by cholestasis [4] with retention of bile acids that leads to deterioration in the formation of bile. Cholestasis is the common condition in some hepatic illnesses in humans, among which the secondary biliary obstruction that can result in progressive hepatic lesion that culminates in cirrhosis, portal hypertension, hepatic insufficiency or hepatocellular carcinoma [5, 6] is found. The mechanisms unchained by cholestasis result in the participation of various risk factors such as: inflammatory response with liberation of proinflammatry/profibrogenic cytokines that conduce activation of the HSC and propitiate generation of ECM [7] with production of free oxygen radicals [8] . In cholestasis, cellular proliferation of the epithelium of the bile ducts actives participation of hepatic fibrosis [9, 10] and the sum of factors conditions conducive cell death by necrosis or apoptosis. Diverse pathologies have the ability to pro-duce hepatic fibrosis through secondary biliary cholestasis, among which post-cholecystectomy bile duct injuries (BDI) in adults, and biliary atresia (BA) in children are found. Although much has been learned in recent decades about the molecular bases of cholestasis and the pathophysiology of hepatic fibrosis, new therapeutic approaches are still limited [3] .
POSTCHOLECYSTECTOMY BILE DUCT INJURIES
Most frequently, post-operative bile duct obstructions present after exploration of the common bile duct and biliary obstruction in liver transplant [11] . The BDI occur in a proportion, not negligible, of patients subjected to cholecystectomy, especially laparoscopic cholecystectomy [12] . BDI is a serious surgical complication that can have devastating effects, including the risk of premature death [13] . Also, BDI have an important effect on healthcare costs, since they require prolonged hospitalization and repeat, multiple surgical re-interventions [14] . Many efforts have been made to determine the factors that intervene in the risk of death after BDI [15] . The primary risk factor is the delay of detection and inadequate management of the injury, which results in biliary stenosis with the production of biliary cholestasis and the retention of bile acids. Bile acids are cytotoxic, since in their formation and elimination they are strongly overregulated by genes that code proteins which induce its detoxification, excretion, and the suppression of genes (farnesoid X receptor) that code proteins which regulate cholesterol catabolism, for example, the 7 alpha-hydroxylase (CYP7A1); suggesting the important role that bile acids play in inhibition of liver glucocorticoids, of a sufficient magnitude to suppress the activity of the hypothalamic-pituitary-adrenal axis, since the increase in hepatic bile acids is capable of producing suprarenal insufficiency in liver illnesses [16] . Hepatic cholestasis results from dramatic increase in serum levels of bile acids that produce acute toxicity, causing proliferation of bile ducts and the rapid progression from fibrosis to liver cirrhosis [17] . The BDI are classified as mild or severe, depending on the nature of the lesion, based on the description by Tsalis et al. [18] The Strasberg classification offers a more detailed analysis of BDI [19] . Mild BDI is defined as any lesion that occurs without important tissue loss and without associated stenosis (Strasberg types A and D). This type of lesion is eligible for more conservative management methods (endoscopic or interventional radiology). Severe BDI is defined as any complete interruption of the common bile duct through ligature or resection of large segments at the level of the porta-hepatis (Strasberg types E1-E5). The clinical presentation of cholestasis from BDI includes abnormal biochemistry liver function; altered image studies by dilation of the bile ducts, and complete biliary obstruction as manifested by abdominal discomfort, jaundice and cholangitis [20] .
Treatment of Bile Duct Injury
Management of BDI includes surgical education as the fundamental principle in the avoidance of lesions, early diagnosis, and the preferably early biliary-digestive reconstruction. However, surgical reconstruction has a limited effect on preventing the deposition of fibrosis and will depend on various factors, among which are: the surgeon's experience, performing the reconstruction in a hospital center at an adequate time, and counting on the indispensible materials. Another fundamental, interveneing factor is the individual response. It is not known with certainty the ideal time and surgical procedure to prevent the hepatic and systemic damage produced by cholestasis caused by postcholecystectomy BDI. When lesions are recognized peri-operatively they can be repaired, though not highly recommended a choledochus-choledocostomy with vary results. The injured bile duct can be repaired with better results performing the hepatico-jejunostomy in Y Roux, or the Hepp-Couinaud procedure [21] . In Figure 1 , the pathophysiological mechanism of the increase the hepatic fibrosis after postcholecystectomy BDI, is demonstrated; which shows the deposition of fibrous tissue (Masson's trichrome) of collagens (Sirius red), and the expression of the antibody anti-TGF-β1 and anti-α-SMA.
PRIMARY BILIARY CIRRHOSIS
Primary biliary cirrhosis (PBC) is a chronic autoimmune, cholestatic, hepatic illness characterized by inflammatory destruction of the small, intrahepatic bile ducts, which progresses from fibrosis to cirrhosis. The PBC primarily affects, with a higher incidence, middle aged women with tendency to increase. Various profiles of auto-antibodies have been discovered as PBC specific to the illness [22] , these include anti-mitochondrial antibodies (AMA) that are found in symptomatic and asymptomatic patients. The most common symptoms are unspecific and include fatigue, pruritus and arthralgias. In severe PBC, the symptoms are related to portal hypertension and hepatic decompensation (jaundice, ascites or hemorrhagic varices) that can indicate the necessity for liver transplant as treatment [23] . 
SECONDARY BILIARY CHOLESTASIS IN CHILDREN
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PROGRESSIVE FAMILIAL INTRAHEPATIC CHOLESTASIS
The progressive familial intrahepatic cholestasis (PFIC) is a heterogeneous group of severe autosomal recessive liver disorders in infancy; which translate into cholestasis with significant potential to progress, at the final phase of fibrosis, to hepatic cirrhosis in the first or second decade of life. This pathology is characterized by low serum levels of γ-glutamyltransferase (GGT). Patients who suffer PFIC-type 1 have mutations in ATP8B1, which maps in the 18q21 -22 chromosome. The PFIC-type 2 have mutations in the ABCB11 (codes the bile salts export pump), which maps in the 2q24 chromosome. The PFICtype 3 is characterized by high serum levels of GGT and is produced by genetic mutations in ABCB4 (that codes the multi-drug resistant protein). The only treatment for this condition is liver transplant [24] .
Biliar Atresia
The BA is a progressive, fibro-obliterative cholangiopathy that affects diverse levels of the intra and extra-hepatic bile ducts, which results in obstruction of bile flow causing cholestasis and jaundice in newborns [25] . It is an illness with incidence of 1:15,000 -1:19,000 live births in the occidental world, while in Asia the incidence is superior [26] . Without treatment the fibrosis progresses to produce cirrhosis, portal hypertension and death by approximately two years of age [27] . Around 10% -20% of patients with BA have other, associated congenital disorders. The BA is classified in the form of levels of extrahepatic obstruction. In type 1 (~5%), biliary obstruction is present at common bile duct level. In type 2 (~2%), the obstruction occurs at the hepatic bile duct. Type 3 is the most common and most severe (>90%), where the biliary obstruction presents in the most proximal part of the extrahepatic bile duct, of the porta-hepatis; and, there can be additional cystic dilation in the rest of the extrahepatic bile duct; including microscopic, residual bile that drains by small or microscopic conducts in the intrahepatic biliary tract. The pathogenesis of BA is wholly unknown, influenced by multiple factors; environmental and genetic, which can interact in the development of the obstructive cholangiopathy. Viral causes constitute >80% of the cases studied in animal models [1, 28] . Newborn rats inoculated with rhinovirus, cytomegalovirus or rotavirus develops jaundice and serious damage to the bile ducts similar in human BA [29] . However in humans, serologic studies have shown contradictory results in finding viral etiology [30] . In polymerase chain reaction (PCR) analysis in human liver tissue with BA, viral RNA or DNA have been shown, while in others it has not been possible to confirm. The inflammatory response in BA is unchained in hepatic tissue, producing periductal infiltration of mononuclear cells, HLA-DR amplification in biliary epithelium; augmentation in expression of adhesion molecules, and increase of circulating inflammatory cytokines, even several months after surgical reconstruction [31] . Shortly after birth, the majority of newborns with BA present: prolonged jaundice, acholia and choluria, as well as the presentation of bleeding and vitamin K deficiency due to coagulopathy associated with vitamin K malabsorption. Laboratory findings show moderate or high conjugated hyperbilirubinemia, elevation of GGT, and light to moderately elevated serum aminotransferases [32] . Histological typical findings of BA include different grades of portal fibrosis with proliferation to the intrahepatic bile ducts and cholestasis. The grade of periportal fibrosis varies in points of mild fibrosis to cirrhosis. Gigantic cells can be found, which impedes the differential diagnosis between BA and neonatal hepatitis; and which can be difficult to early diagnosis in the course of the illness, due to the dynamic nature of the liver histology [33] .
Biliar Atresia Treatment
Kasai's portoenterostomy remains the first line of treatment in BA. When portoenterostomy produces adequate bile flow and improves jaundice, with decrease in levels of bilirubin to within normal ranges, it results in prolonged survival of the natural liver. Liver transplant serves as rescue treatment when Kasai's portoenterostomy, and gradual deterioration of bile flow that was originally successful, fails. The majority of those affected with BA eventually require liver transplant at the end of infancy, adolescence or in adulthood.
STANDARD TREATMENT OF SECONDARY BILIARY FIBROSIS
Treatment options for fibrosis caused by cholestasis remain limited, owing in part to the fact that the essential mechanisms in the measurement of cholestatic liver lesions are still not completely known. Elimination of the etiological agent is important in limitation or reversal of fibrosis [1] . Sequential liver biopsies have documented that eliminating the underlying etiological agent can revert hepatic fibrosis in patients with secondary biliary fibrosis [16] . When BDI produces complete biliary obstruction, a biliary-digestive reconstruction is needed in order to re-establish the free flow of bile to the small intestine; which constitutes the primary treatment alter native to prevent the deposition of fibrosis in the liver gland. When cirrhosis decompensates liver the only actual, curative treatment is liver transplant; however, transplants are not widely performed due to chronic scarcity of donors, surgical risk, immunological rejection, and the high economic cost. To compensate for that, some regenerative treatments that tend to manage hepatic cirrhosis have been developed.
Molecular Therapy
The Table 1 , a brief description about different molecular therapy. Vascular endothelial growth factor (VEGF) and the platelet-derived growth factor (PDGF) are crucial for angiogenesis, which is an important process that contributes to pathogenesis of portal hypertension. Inhibition of the VEGF/PDGF attenuates the signalling pathways of the hyper dynamic intestinal circulation and the collateral porto-systemic circulation in experimental studies in rats with established portal hypertension [34] . Dual inhibition of the VEGF/PDGF significantly reduces production of α-SMA with a decrease in portal pressure and increasing resistance of the superior mesenteric artery, suggesting that anti-angiogenic strategies could be attractive for the treatment of portal hypertension [35] . The collateral circulation develops to counteract the increase in intrahepatic vascular resistance to the portal blood flow, on inducing an increase in venous return and cardiac effort; which causes an increase in endothelial nitric oxide (NO) synthase (eNOS), resulting in increaseing in NO production, promoting peripheral arterial, systemic and intestinal, vasodilatation with an increase in cardiac expenditure affecting the renin-angiotensinaldosterone system and the vasopressin [36] . The important role of the angiotensin II in pathogenesis of heaptic insufficiency due to fibrosis, of inhibiting the angiotensin II receptor 1 that diminishes hepatic fibrosis in rats [37] .
The incremented expression of the Toll-Like receptor 4 (TLR-4) in monocytes in acute cirrhosis and chronic hepatic insufficiency, leads to supposition that the exaggerated activation of the innate immunity is possibly due to an increase in the intestinal flora or by the participation of repeat cases of cholangitis. The TLR-4 inhibitor constitutes a feasible, target therapy [38] .
Some treatment strategies have been designed to interrupt the signalling pathways in the synthesis of TGF-β1, which noticeably reduce hepatic fibrosis in experimental models. The TGF-β1 plays a key role in hepatic fibrosis, is considered the final common path for different chronic hepatic illnesses that lead to fibrosis and he- All pathological processes of liver patic insufficiency. The antagonists or inhibitors of TGF-β1 can diminish hepatic fibrosis and the size of cholangio-carcinoma in rats [39] . Inhibition of the early activetion of latent TGF-β1, increase in the urokinase plasminogen activator (uPA), inhibiting the activation and activation of the inhibitor of the plasminogen activator type 1 (PAI-1) in fibrosis, can contribute to degradation of ECM and delay the progresssion of hepatic fibrosis [40] .
The Smad7 is the principle inhibitor that regulates the transcription of the target TGF-β gene. The Smad7 exercises its inhibitor effect through association to the TGF-β type 1 receptor, activated on inhibiting the Smad2/3 phosphorylation. The Smad7 decreases hepatic fibrosis in animal experiments. Some researchers have used genetic therapy with adenovirus vectors that contain Smad7 complementary DNA [41] ; which, results as a promising alternative in the hepatic fibrosis management.
CELLULAR THERAPY
Cellular therapy actually remains a controversial and primarily experimental alternative in studies, in vitro and in vivo, in small animal species; and very few studies have been performed in humans. The bone marrow cells (BM) dedicate an important dual role to the pathogenesis and resolution of hepatic fibrosis. Bone marrow cells contribute to the inflammatory response in stimulating the secretion of TGF-β1 and the activation of hepatic myofibroblasts that serve as a source of collagen type 1 (fibrocytes derived from BM and mesenchymal progenytors cells) that have the potential to differentiate into fibrogenic myofibroblasts, which facilitate fibrosis. On the other hand, the BM cells dedicate an active role to the resolution of hepatic fibrosis by evading the fibrogenic stimuli [17] , while the natural killer cells (NK) are implicated in apoptosis of activated HSC/myofibroblasts and monocytic cells of myeloma, on secreting metalloproteinases from the ECM upon actively degrading fibrous scarring [42] . Autologous cell therapy with BM has been applied to humans by peripheral vein and hepatic artery, improving hepatic function in select patients waiting for transplant [43] ; however, cellular therapy is still in an experimental phase.
MEDICATIONS
Losartan is a safe treatment widely used in clinical practice for its effect on blocking the angiotensin II receptor 1. This agent can also be a new therapeutic strategy effective against hepatic fibrosis on inhibiting HSC and TLR-4 in experimental models of bile duct ligatures [44, 45] .
Tamoxifen is a synthetic, non-steroidal, anti-estrogen agent that exhibits anti-fibrotic properties and has shown success in the management of many fibrotic illnesses (hypertrophic scars, keloids, peritoneal sclerosis, retroperitoneal fibrosis, fibrous mediastinitis), among others. It is believed that its anti-fibrotic properties are primarily due to a decrease in the regulation of the TGF-β1. In pigs with bile duct ligature treated with 20 mg/day of Tamoxifen obtained significant reduction in the expression of α-SMA [46] . For that reason, it would be worthwhile to perform more studies in patients with hepatic fibrosis from BDI and/or BA.
The ursodesoxycholic acid is a medication widely used for cholestatic hepatopathies. It is a versatile medication with multiple mechanisms of action, which stabilizes the plasma membrane preventing cytolysis from the excess of tensioactive bile acids in cholestasis. It prevents the mitochondrial pores formation, the membrane recruitment of death receptors and reticular endoplasmic stress, limiting the presence of oxidative stress. It participates in expression of the enzymes that metabolize and reduce the bile acid cytotoxicity on improving renal excretion, and, it helps to preserve the integrity of the bile ducts as well as counting on immuno-modulator properties in autoimmune, cholestatic illnesses by counteracting the over-expression of Mayor Histocompatibility Complex (MHC) antigens and limitation of production of cytokines by immunocompetent cells. It is the only effective treatment for primary biliary cirrhosis, although its efficacy is limited to the first stages of the illness and its effect can be adverse when administered at high doses (25 -30 mg/ kg) [47] . The ursodesoxycholic acid prolongs the time needed for liver transplant [48] .
MEDICINAL HERBS
Medicinal herbs have been investigated frequently for their hepato-protector and anti-fibrotic effects in humans and animal models. Some studies have reported that they've demonstrated a decrease in the hepatic expression of TGF-β1 and fibrosis in experimental rats administered Chinese herbs. The Yin-Chen-Hao-Tang (YCHT) concoction has been utilized as anti-inflammatory, antipyretic, choloretic and diuretic agent, for hepatic ailments characterized by jaundice. The YCHT is an aqueous extract derived from three herbs: Artemisia capilares thunb (herba capillaris artemisiae, Yin-Cen-Hao), Gardenia jasminoides Ellis (Fructus Gardeniae, Zhi-zi) and Rheum officinale Baill (emodina, Da-huang), used in a 4:03:01 ratio by body weight. It has also been used to suppress hepatic fibrosis in rats, induced by a diet deficient in choline, which presumably demonstrated a reduction in oxidative stress and hepatic fibrosis. Studies indicate that the YCHT is a promising therapeutic agent in chronic liver disease [49] ; however, it is still in the experimental phase.
LIVER TRANSPLANT
The liver is capable of self-regenerating in large part, and in various cases, upon eliminating the etiological cause of the lesion or at least when the underlying cause is controlled by way of the distinct alternatives of medical management assistance (some alternatives mentioned in the text). Orthotopic liver transplant remains the only therapeutic option for patients with insufficient regeneration of the hepatocytes, improving their survival up to 67% -80% [50, 52] . The decision to undergo liver transplant depends on estimation of the probability of poor response to treatment introduced to improve hepatic function. It is fundamental to calculate the advantages vs. disadvantages in the realization of an unnecessary transplant, since it is not an innocuous procedure and can have grave consequences. Therefore, there are prognostic indices for indication and optimal time frame developed as a support system for making the decision of liver transplant. In general, around 5% -10% of liver transplants annually are due to acute hepatic insufficiency [53] . Transplants are performed in only 25% -30% of the patients with acute hepatic failure. The reasons for the relatively infrequent use of liver graft include difficulties in obtaining the organ in an urgent manner, the changing mix of etiologies. However, the consequences of the need for liver transplant are important and should be considered and mentioned to the patient candidate for transplant.
CONCLUSION
In conclusion, there are many diverse management alternatives for the secondary cholestatic biliary cholangiopathies, none of which actually appear to be ideal. The most recommended way is prevention to avoid the diverse etiological agents that cause cholangiopathy, in order to conserve adequate hepatic function and guarantee the healthiest survival possible.
